The potential for genetic discrimination by insurers is a major concern in medical genetics and genetics research, with important public policy implications. Genetic discrimination consists of insurers' limiting or refusing coverage, or increasing their rates, based on genetic information that predicts possible future health problems, before any such problems arise. Although studies of genetic discrimination reveal that its incidence is low, fears of discrimination appear to be widespread. 1 These fears potentially could deter participation in research, willingness to undergo diagnostic or predictive genetic testing, or implementation of public health screening programs. 2 These concerns are also a major impetus for state and federal legislation regulating insurers' use of genetic information. 2, 3 There has been limited empirical examination of the extent of fear by the general public about genetic discrimination. 4 Some studies have focused only on genetic practitioners, such as counselors, 1, [5] [6] [7] and thus provide only indirect evidence of the public's concerns. Other studies have focused on people with increased risk for genetic disease, 8 -11 such as women with a family history of breast cancer. [12] [13] [14] [15] It is possible that these individuals have less concern than the general public about discrimination resulting from genetic testing because their family or medical history already indicates some risk. They may also feel greater urgency to undergo testing because of their preexisting risk status and thus are less deterred by the possibility of discrimination.
Previous studies have been limited by relatively small sample sizes, usually only a few hundred and often drawn from only a single location. Few studies have surveyed the general population, 16 -19 which is more relevant to assessing the acceptability of widespread population screening programs. Although they have larger sample sizes (about 2000), they still provide only limited opportunity for analysis of socioeconomic and other correlates of these attitudes. As Mayer and colleagues note in summarizing this literature, "if bivariate relationships and characteristics such as age, gender, and education are reported at all, results are presented in a haphazard manner and multivariate relationships are not considered." 19 Previous studies also have not examined if differences in legal conditions or social programs (such as Medicare) might affect concerns about discrimination.
This study adds to our understanding of concerns about insurance discrimination by surveying a very large and racially diverse primary care population participating in a study of iron overload and hereditary hemochromatosis (HH) in both the United States and Canada. It seeks to determine the level of concern and the major demographic and legal factors that explain variations in this concern.
METHODS

Sample selection
The data for this analysis come from the Hemochromatosis and Iron Overload Screening (HEIRS) Study, a prospective screening study designed to evaluate the prevalence, genetic and environmental determinants, and potential clinical, personal, and societal impact of hereditary hemochromatosis (HH) and iron overload in a multiethnic, primary care-based population. The study recruited 103,108 adults Ն 25 years of age from five field centers, four in the United States and one in Canada. A full description of the study's rationale, design, and methods has been published previously. 20 The study protocol was approved by Institutional Review Boards at each of the five field centers, the coordinating center and the central laboratory.
Participants were recruited over a 2-year period beginning in March 2001. In three field centers (with clinics in Washington, DC, Orange County, CA, and Birmingham, AL), participants were recruited from among patients at primary care clinics. The Canadian field center recruited participants at clinical laboratories in London and Toronto, Ontario, where they had been referred to have blood drawn. At a fifth field center, with clinics in Portland, OR and Honolulu, HI, participants were recruited from primary care patients in a large health maintenance organization, by direct mail, and at clinics. Study sites and recruitment goals were chosen in order to produce a sample composed of approximately 50% non-Caucasians.
The primary purpose of the larger HEIRS Study, as explained to participants, was to "find out how many people in the general population have iron overload or HH, what role genes play in iron overload in different populations, and how people feel about having iron tests and gene tests done for these conditions." Participants were told their blood would be tested "to see whether you have too much iron or have the HH genes that we know about so far." The informed consent form told participants: "If you have iron overload or HH genes and other people find out, this could possibly lead to problems in employment or in getting or paying for health, life, or disability insurance." The consent form also said that "We will keep your identity, ...your blood test results, and anything you tell us confidential to the best of our ability. . .. To help insure your privacy, the National Institutes of Health has given us a Certificate of Confidentiality. This means that we cannot be forced to give any information about you to people who are not connected with the study, including courts, without your written consent. However, we cannot guarantee absolute confidentiality."
Measures
After giving consent to participate in the study, all participants were asked by trained study staff to complete a self-administered questionnaire (with staff assistance as needed). This form collected baseline data on participants' general and mental health status and their general attitudes about genetic testing, in order to observe any changes in these measures after hemochromatosis screening. Recruiters helped subjects with low literacy complete the questionnaire, and questionnaires were offered in one of four languages: English, Mandarin, Vietnamese, or Spanish. Health information was collected via a brief medical history checklist and general health and mental health subscales from the SF-36 Health Survey. 21 As an indicator of participants' socioeconomic status, an income and education level was assigned to each participant based on the medians reported in the most recent US and Canadian census for each participant's zip code and race/ethnicity. 22, 23 Census figures were further refined by matching to participants' age or gender category.
Attitudes about genetic testing were measured through three questions, each of which asked the respondent's level of agreement (strongly agree, agree, disagree, or strongly disagree) with the following statements: (1) "In general, I think genetic testing to find out about disease risk is a good idea." (2) "I think genetic testing is a good idea because..." ; and (3) "I think genetic testing is not a good idea because...". For items 2 and 3, respondents were asked their level of agreement about the four separate possible reasons listed in Table 2 . The first reason, the focus of this article, proposed that genetic testing might not be a good idea because "You might have trouble getting or keeping your insurance."
Data were entered through a web interface on a secure server at the coordinating center (Wake Forest University) by trained study staff at each of the field centers. Data quality was monitored via double data entry, range and logic checks, and the generation of data edit queries and data quality reports. Six data entry quality control checks of approximately 2% of participants' responses were performed between April 2001 and August 2003 with a final discrepancy rate of 0.04%.
Statistical analyses
Descriptive statistics are based on the 84.2% (86,859) of participants who answered questions about concerns relating to genetic testing. For logistic regression, the analytical sample was further reduced to the 76.6% (78,942) of participants for whom no data elements were missing. Logistic regression was used to model the probability of answering "Strongly Agree" or "Agree" as compared to answering "Disagree" or "Strongly Disagree" to the question "Genetic testing is not a good idea because you might have trouble getting or keeping your insurance." Covariates included nationality, race/ethnicity (White/ Caucasian, Black/African American, Hispanic, Asian, Native Hawaiian/Pacific Islander, American Indian/Alaska Native, or other/mixed/unknown), age group (Ͻ 45, 45-64, or 65ϩ), education (college degree, at least high school graduate, no high school diploma), attitudes about genetic testing in general, and SF-36 general health and mental health scales. Income was not included because it was correlated with education (r ϭ 0.328, P Ͻ 0.0001), and education is probably more directly relevant to attitudes about genetics. Adjusted odds ratios, with 99% confidence intervals, were assessed to determine what effect each factor has on the concern about genetic discrimination.
RESULTS
Descriptive statistics for the study population are reported in Table 1 and compared to US Census norms. Consistent with the main study's objectives, non-Caucasian race and ethnic groups were oversampled, and sampling was limited to adults aged 25 years or older. Consistent with recruitment from a general primary care clinical population, the population was older, more female, and in lower general health (self-reported) than US norms. Also, the sample represented a more middle income population that was somewhat better educated, on average, than US norms.
Overall, 40.0% of participants agreed with the statement that "genetic testing is not a good idea because you might have trouble getting or keeping your insurance" (Table 1 ). Because our sample is very large, the differences between most comparators are statistically significant. However, views about insurance problems did not differ substantially by nationality or gender. Unadjusted proportions did differ substantially by race, age, income, and education (Table 1 ), as will be described further later.
Only 2.5% of participants reported that, in general, genetic testing is a bad idea (Table 1) . Among those who reported this view, 47.0% were also concerned about insurance discrimination. This was only modestly higher than the level of concern about insurance (39.8%) among those who thought, in general, that genetic testing is a good idea (data not shown).
Among four possible bases for concern about genetic testing (Table 2) , concern about insurance discrimination ranked first (39.9%), above concerns relating to genetic determinism, impact on the family, or feeling less healthy-each of which were indicated by approximately 30% of participants.
In the multivariate regression analysis (Table 3) , all factors were significantly related except for the general health scale (tested at increments of 10 out of 100) and views about whether genetic testing is a good idea in general. African Americans and Asians were much less likely (OR ϭ 0.52 and 0.39), and Hispanics were more likely (OR ϭ 1.124), than Caucasians to express concern about insurance discrimination, adjusting for other characteristics. Participants under 65 years old, US residents, and those without a high school diploma were substantially more likely to express concern about insurance discrimination (OR's ranging from 1.4 to 1.6), as were participants with lower mental health scores (at increments of 10 out of 100). Surprisingly, education showed a nonlinear relationship with concerns about insurance discrimination, with significantly higher concern among both those with less than a high school education and those with a college degree, compared to high school graduates.
DISCUSSION
Public concern about insurance discrimination is seen as a major potential barrier to willingness to undergo genetic testing and has been cited as a strong reason for legal protections against insurance discrimination. 2,3,24 Little is known, however, about the extent of these concerns and the impact that protective legislation might have on reducing these concerns. 4 This is the largest study to date (over 86,000) of public attitudes about genetic discrimination. Forty percent of participants agreed that "genetic testing is not a good idea because you might have trouble getting or keeping your insurance." Caution is warranted in interpreting this finding because the sample was composed of people who had already agreed to participate in a genetic testing study. Therefore, we might expect their views to be biased in favor of genetic testing. Also, the consent form emphasized the confidentiality protections afforded to research participants. On the other hand, the consent form also pointed out the possibility of insurance discrimination and so may have made participants more aware of or concerned about this issue than they would have been otherwise. Regardless, the level of concern we found is similar to that found in previous studies of genetic testing participants 10, 12, 14 but is lower than the extent of concern found in previous nationally representative studies of the general population, which ranged from 72% to 86%. 17 Although we could not test directly whether this concern deterred genetic testing, several factors suggest that the concern had only a limited effect on decisions to undergo screening for hereditary hemochromatosis. First, among those who agreed to be tested in the larger hemochromatosis study, concerns about insurance discrimination were only moderately associated with an overall view about whether or not genetic testing is a good idea in general. Adjusting for other characteristics, participants with a positive view of genetic testing generally were no less likely than those with negative views to agree that genetic testing might cause insurance problems (Table 3) . It is possible, however, that some participants were expressing that genetic discrimination or losing insurance would be bad if it were to occur to anyone, rather than that they personally felt threatened by genetic discrimination.
To with the potential concern that "my information might not be kept private." This concern was ranked fourth among 12 possible concerns, below the following: (1) wanting to talk to their doctor first, (2) wanting more information about the test, and (3) not having time that day. Finally, anecdotal reports from participating field centers indicated that concerns about genetic discrimination were not voiced frequently by those who declined to participate during recruitment. Still, it is likely that this concern was a factor in the decision of some decliners.
Due to this study's large sample size, statistical significance was found for most factors that were examined. Therefore, we focus more on the magnitude of the relationships observed. Race/ethnicity was the strongest of the demographic factors. African Americans and Asians were much less likely than Cau- casians to report concern that genetic testing could lead to insurance discrimination, after adjusting for age and imputed education, whereas Hispanics were more likely to express this concern. In results not shown, we tested for whether these relationships endured after adjusting for income as well as education (imputed by zip code averages). In this alternative model, African Americans and Asians remained significantly less concerned, but Hispanics were no longer more concerned. This suggests that a mix of socioeconomic factors relate to these attitudes in complex ways that differ among racial and ethnic groups. People 65 and over were substantially less likely to be concerned that genetic testing could lead to insurance discrimination. This may be due to the protections afforded by Medicare coverage. Similarly, Canadians were less likely to express this concern, possibly because they have national health insurance. The pattern of lower concern among those covered by socialized insurance programs suggests that concerns about genetic discrimination are driven in part by the vulnerabilities created by private health insurance.
As an exploratory analysis, we also examined whether the likelihood of concern varied by the status of state laws protecting against genetic discrimination. Among our study locations, Alabama and Washington, DC, have no relevant legal protections, and the Western states covered by the other two field centers (California, Oregon, and Hawaii) have substantial but not complete protections against discrimination by health insurers. 24 For instance, Hawaii regulates use of genetic information only by health insurers who cover individuals and not groups, and none of these states protect people who purchase insurance in a different state. Contrary to expectation, participants in states with some protective laws (California, Oregon, and Hawaii) had greater concern relative to Canadians (OR ϭ 1.37), whereas the concern in locations with no legal protections (Alabama and DC) was not statistically different from Canada, adjusting for demographic factors. Apse and colleagues 9 reported that at-risk relatives of colorectal cancer patients had only minimal awareness and understanding of protective laws. It appears, then, that factors other than the simple existence of these laws account for differences based on nationality or jurisdiction. One possibility is that awareness of genetic discrimination might be greater in states with legal protections. If so, greater awareness might have caused these states to adopt the protection, or greater awareness might have resulted from publicity created by the legal enactments. We were not able to test for these possibilities.
The nonlinear relationship we found between education and likelihood of concern is somewhat puzzling. Both college graduates and those without a high school diploma were more likely to express concern than were high school graduates. This finding should be interpreted cautiously, however, because education levels were imputed from zip codes rather than mea- sured directly. Determining how and why education is related to discrimination concerns will require further study. This study is limited by several factors. First, we assessed concerns about insurance discrimination using only a single question that referred to insurance in general rather than specifying a type of insurance (e.g., health vs. life). Second, this study was conducted among participants who had already agreed to undergo genetic screening for a particular condition (hemochromatosis) and were told this could cause insurance problems, and so the study does not reflect the unprompted views of the general public regarding other genetic conditions. Nevertheless, this study supports the view that public concerns about genetic discrimination are substantial. Also, the findings are consistent with the view that social insurance programs might help to alleviate these concerns. Future studies should focus on explanations for different levels of concern among racial/ethnic minorities, on possible concerns about other forms of discrimination, such as employment, and on whether reducing these concerns will increase willingness to undergo genetic testing or to participate in genetic research studies.
